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THE STATE OF HEARING I N  RADIATION SICKNESS 

M. Y a .  Kozlov 1 , 

ABSTRACT 

The s t a t e  of t h e  pe r iphe ra l  ending of t h e  aud i to ry  
ana lyze r  of t h e  i n t e r n a l  e a r  was i n v e s t i g a t e d  dur ing  ra- 
d i a t i o n  s i ckness  caused by a s u b l e t h a l  dose of X-ray ra- 
d i a t i o n  (350 N. 
p igs .  An o b j e c t i v e  method of record ing  t h e  cochlear  cu r -  
r e n t s  was used. It w a s  e s t ab l i shed  t h a t  when guinea p igs  
are  i r r a d i a t e d  w i t h  X-rays wi th  a dose of 350 R a n  a c u t e  
r a d i a t i o n  s i ckness  of t h e  average degree i s  produced w i t h  
a m o r t a l i t y  of 50 percent .  During t h e  peak of t h e  r ad ia -  
tion s i ckness  t h e r e  i s  a decrease  i n  t h e  a u r i c u l a r  r e f l e x  
and a decrease  i n  t h e  b i o e l e c t r i c  p o t e n t i a l s  of t h e  coch- 
lea a t  a l l  f requencies  by 3.9 t o  9 .1  decibels: 

Experiments were performed on guinea 

A t  t h e  p re sen t  t i m e  t h e r e  i s  a large accumulat ion of l i t e r a t u r e  pe r -  /64* 
t a i n i n g  t o  t h e  a c t i o n  of pene t r a t ing  r a d i a t i o n  sources  on t h e  l i v i n g  organism. 
A t  t h e  s a m e  t i m e  t h e r e  are only a few observa t ions  and experimental  i n v e s t i g a -  
t i o n s  concerning t h e  a c t i o n  of X- rays  and y- rays  on t h e  aud i to ry  appara tus .  
However,these works are  based on a few f a c t s  which are  f r equen t ly  c o n t r a d i c t o r y  
and which b a s i c a l l y  r e f l e c t  t h e  a c t i o n  of t h e s e  r ays  dur ing  t h e i r  l o c a l  
a p p l i c a  t ion .  

Within t h e  Soviet  and f o r e i g n  l i t e r a t u r e  a v a i l a b l e  t o  u s  t h e  major work i s  
t h a t  of I. L. Lopotko ( r e f .  4 )  which f i r s t  i l l u m i n a t e s  t h e  ques t ion  concerning 
t h e  s t a t e  of t h e  a u d i t o r y  organ dur ing  the gene ra l  i r r a d i a t i o n  of t h e  organism. 

"Numbers g iven  i n  margin i n d i c a t e  pagina t ion  i n  o r i g i n a l  f o r e i g n  tex t .  

'From t h e  Department of Medical Radiology (Dept. Head-Professor M. N. 
Pobedinskiy)  and t h e  Department of Ear, Throat and Nose Disease (Dept. Head- 
P r o f e s s o r  V. G. Yermolayev) of t h e  s. M. JCirov Leningrad S t a t e  I n s t i t u t e  f o r  
t h e  Advancement of Phys ic ians .  
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The i n v e s t i g a t i o n  i s  of a purely morphological n a t u r e  and g ives  no i n d i c a t i o n  
on t h e  f u n c t i o n a l  s t a t e  of t h e  aud i to ry  organ. 

I n  1952 two a r t i c l e s  appeared by Novotny ( r e f s , 1 4 ,  IS ) ,  i n  which t h e  au- 
t h o r  considered t h e  ques t ion  of X-ray a c t i o n  on t h e  i n n e r  ear. Novotny inves-  
t i g a t e d  t h e  reg ion  of t h e  ear us ing  doses from 1000 t o  7200 R. The i n v e s t i g a -  
t i o n  of hear ing  was c a r r i e d  out s i x  weeks a f t e r  i r r a d i a t i o n  by t a k i n g  t h e  
coch lea r  b iocu r ren t s .  A f t e r  t h i s  the  animals (guinea p igs)  were s a c r i f i c e d  i n  
o r d e r  t o  make a h i s t o l o g i c a l  s tudy of changes i n  t h e  i n n e r  ear. A s  a r e s u l t  of 
t h e  observa t ions  i t  was e s t a b l i s h e d  t h a t  t h e r e  i s  a decrease  i n  coch lea r ' po ten -  
t i a l s  up t o  8-15 d e c i b e l s  and corresponding morphological changes i n  t h e  i n n e r  
ear. However t h e s e  a r t i c l e s  cons ider  the s t a t e  of t h e  aud i to ry  organ only  
dur ing  the  l o c a l  a p p l i c a t i o n  of X-rays. - I 6 5  

I n  1954, I. A. P iga lev  ( r e f .  7 )  showed t h a t  under cond i t ions  of gene ra l  
r a d i a t i o n  a decrease  i n  aud i to ry  percept ion i s  sometimes observed. Without 
p re sen t ing  exac t  d a t a  and f a c t u a l  ma te r i a l ,  t h e  au tho r  no te s  t h a t  by us ing  t h e  
method of condi t ioned r e f l e x e s ,  an exac t  r e p r e s e n t a t i o n  of t h e  dynamics asso-  
c i a t e d  wi th  t h e  changes i n  t h e  aud i to ry  func t ion  of dogs, dur ing  gene ra l  irra- 
d i a t i o n  of t he  organism, has  been obtained.  

During t h e  meeting of t h e  Leningrad oto-rhino-laryngological s o c i e t y  i n  

The re- 
1956, N. A. Pautov and N. I. Ivanov ( r e f .  6) repor ted  on morphological changes 
i n  t h e  i n n e r  ear under cond i t ions  of l o c a l  and gene ra l  i r r a d i a t i o n .  
s u l t s  of t h e  i n v e s t i g a t i o n s  poin t  t o  s u b s t a n t i a l  changes which occur  i n  t h e  
i n n e r  ear dur ing  i r r a d i a t i o n  w i t h  X-rays. However, t h e  work, which i s  based on 
a l a r g e  amount of f a c t u a l  information,  i s  of a morphological n a t u r e  and does 
no t  throw l i g h t  upon t h e  f u n c t i o n a l  s t a t e  of t h e  aud i to ry  organ. 

From t h i s  s h o r t  survey of the  l i t e r a t u r e  w e  can see t h a t  t he  q u e s t i o n  con- 
ce rn ing  t h e  s ta te  of t h e  aud i to ry  organ dur ing  t h e  a c t i o n  of p e n e t r a t i n g  r ad ia -  
t i o n  on t h e  organism has not  been completely solved t o  da t e .  Therefore ,  t h e  
Department of Medical Radiology, i n  co l l abora t ion  w i t h  t h e  Department o f '  Ear, 
Throat and Nose Disease of t h e  S t a t e  I n s t i t u t e  f o r  t h e  Advancement of Physi- 
c i a n s ,  has c a r r i e d  out  experimental  work f o r  t h e  purpose of es tabal ishing t h e  
s t a t e  of the aud i to ry  organ dur ing  general  i r r a d i a t i o n  of t he  organism w i t h  
X-rays, bo th  from t h e  morphological and f u n c t i o n a l  po in t  of view. The work w a s  
performed u t i l i z i n g  guinea p igs .  The experimental  work w a s  c a r r i e d  out  by t h e  
method of t ak ing  and record ing  the  b iocur ren t s  of t he  i n n e r  ear ( t h e  microphon- 
i c  e f f e c t  of t h e  cochlea) .  The measured b i o c u r r e n t s  of t h e  cochlea w e r e  photo- 
graphed from the  screen  of t h e  cathode ray o s c i l l o s c o p e  and recorded on t h e  
loop o s c i l l o g r a p h  tape .  
a t e d  an imals  a n  average  hea r ing  norm w a s  e s t a b l i s h e d  f o r  i n t a c t  guinea p i g s  and 
turned  ou t  t o  be c l o s e  i n  i t s  va lues  t o  the  average hea r ing  norm f o r  t h i s  type 
of animal (Table 1) obta ined  by o t h e r  i n v e s t i g a t o r s  ( r e f s .  10, 11). 

I n  order  t o  conduct t h e  experiments wi th  t h e  i r r a d i -  

I n  o r d e r  to compute the 'magni tude of hea r ing  l o s s  t h e  fo l lowing  average 
v a l u e s  f o r  t h e  hea r ing  norm w e r e  worked out  (Table 2 ) .  
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T G L E  1. THRESHOLD OF HEARING FOR GUINEA PIGS 

Frequency, Hz (cps)  

Value of hear ing  i n  dec ibe l s :  
According t o  Davis 
According t o  Cowell 
According t o  M. Ya. Kozlov 

500 

90 
55 
88 

1000 

110 
65 
62 

6000 

55 
5 4  
58  

2000 3000 4000 5000 

100 80 60 55 
68 65 60 58 
59 54  56 56 

7000 8000 $ 
TABLE'2. HEARING NORM FOR GUINEA PIGS 

Frequency, Hz I 500 I 100'0 I 2000 I 3000 I 4000 I 5000 I 6000 I 7000 I 8000 

hear ing ,  mu / l l l I l l l I '  9.47 17.5 15.75 15.75 13.3 10.5 8.3 5.25 3 .08  

A t o t a l  of 120 guinea p igs 'were  used i n  t h e  experiments of which 13 per-  
i shed  when t h e  method of n a r c o s i s  was developed and when the  b iocur ren t s  of t h e  
cochlea were taken;  10 were used t o  determine t h e  hea r ing  norm f o r  t h i s . t y p e  of 
animal and 97 were sub jec t ed  t o  gene ra l  i r r a d i a t i o n  wi th  an  X-ray dose of /66 
350 R. O f  t h i s  number, 43 guinea p igs  per i shed  due t o  r a d i a t i o n  s i ckness ,  41 
were t e s t e d  f o r  hear ing  dur ing  t h e  peak of t h e  r a d i a t i o n  s i ckness  and temporal 
bone w a s  taken from 27 of t h e s e  f o r  h i s t o l o g i c a l  i n v e s t i g a t i o n  of changes i n  
t h e  i n n e r  ear. 

I r r a d i a t i o n  was c a r r i e d  out  by means ofRUM equipment under t h e  fo l lowing  
cond i t ions :  v o l t a g e  190 kV, cu r ren t  20 mb, d i s t a n c e  between s k i n  and focus  60 
cm, f i l t e r  0.5 mm Cu and 1 mm A l ,  dose power 20.6*R/min, i r r a d i a t i o n  t i m e  17 
min, t o t a l  dose 350 R. 
t i m e .  

The animals were i r r a d i a t e d  i n  a s p e c i a l  box 4-6 a t  a 

A s  a r e s u l t  of obse rva t ions  made on t h e  animals  and d a t a  on pa tho log ica l  
and anatomic i n v e s t i g a t i o n s ,  i t  was e s t a b l i s h e d  t h a t  animals sub jec t ed  t o  a 
gene ra l  X-ray r a d i a t i o n  dose of 350 Rdeveloped  a c u t e  r a d i a t i o n  s i ckness  of t h e  
average  degree .  

I n  o u r  i n v e s t i g a t i o n s  it  was poss ib l e  t o  no te  t h r e e  per iods  of r a d i a t i o n  
s i c k n e s s  development. The f o u r t h  per iod- - the  per iod  of i l l n e s s  reso lu t ion- -was  
no t  observed because the  animals  were s a c r i f i c e d  a f t e r  experiment i n  t h e  t h i r d  
per iod .  The boundary l i n e s  between per iods  of i l l n e s s  were f a r  from being 
c l e a r l y  de f ined  f o r  a l l  animals  a t  a l l  t i m e s .  I n  t h e  f i r s t  per iod ,  which 

, occurs  immediately a f t e r  i r r a d i a t i o n ,  va r ious  d i s r u p t i o n s  i n  t h e  f u n c t i o n a l  
s t a t e  of t h e  c e n t r a l  nervous system were noted:  most of t h e  guinea p igs  be- 
came p a s s i v e  and a l l  t h e i r  r e f l e x e s  became re t a rded .  The v i s i b l e  mucous mem- 
branes  r e a c t e d  t o  i r r a d i a t i o n  wi th  hyperemia, t h e  tympani w e r e  a l s o  hyperemic 
w h i l e  t h e  a u r i c u l a r  r e f l e x  w a s  sharp ly  re ta rded .  The animals  re fused  water  and 
food. 
toms d i sappea red  and t h e  guinea p igs  had t h e  appearance of hea l thy  animals .  

A f t e r  s e v e r a l  hours,and i n  some animals a f t e r  2-3  days,  a l l  t h e s e  symp- 
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Then t h e  second per iod of i l l n e s s  occurred-- the per iod of apparent  w e l l -  
being.  During t h i s  t i m e  only t h e  count of leucocytes  i n  t h e  p e r i p h e r a l  blood 
showed t h e  i n s i d i o u s  per iod of i l l n e s s ;  t h e  decrease  i n  leucocyte  ccn ten t  by t h e  
second day w a s  a l r eady  55-60 percent .  No o t h e r  man i fe s t a t ions  of t h e  i l l n e s s  
were noted.  However, when t h e  animals  were observed towards t h e  end of tk.- 
week, t h e  appearance of c e r t a i n  symptoms could aga in  be noted;  t h e r e  w a s  a grad- 
u a l  occurrence of s luggishness  and t h e  r e f l e x e s  became less pronqunced. The ex- 
t e r n a l  appearance of guinea p igs  a l s o  changed: they became l e s s  n e a t ,  t h e i r  f u r  
became t u f t y  and l o s t  i t s  l u s t e r .  Hyperemia of c e r t a i n  s e c t i o n s  of t h e  s k i n  as  
w e l l  as of v i s i b l e  mucous membranes and tympani was observed. .The a u r i c u l a r  
r e f l e x  g radua l ly  became more s luggish .  ' I n  some animals,  dur ing  t h i s  per iod  ( t h e  
per iod of pronounced c l i n i c a l  man i fe s t a t ions  of t he  i l l n e s s ) ,  t h e r e  w a s  a d i s -  
r u p t i o n  of t he  g a s t r o e n t e r i t i c  t r a c t ,  hoarseness  i n  t h e  lungs.  The guinea p i g s  
l o s t  t h e i r  weight progress ive ly .  
every 3-4 days showed t h a t  by t h i s  t i m e  t h e  number of leucocytes  i n  t h e . p e r i -  
phera l  blood had decreased t o  1500-1000. By the '9 -14 th  day t h e  i l l n e s s  reached 
i t s  complete development and t h e  animals per i shed  wi th  a sharp ly  de f ined  leuko- 
penia  and p rogres s ive  w e i g h t  lo$;. 
observed: d i s r u p t i o n  of t he  g a s p e n t e r i t i c  t r a c k ,  adynamia and a r e f l e x i a ,  ex- 
t e n s i v e  hemorrhages i n t o  the  sk in  l a y e r ,  mucosity of t h e  mouth and nose,  con- 
j u n c t i v a s  of t h e  eyes and a l s o  r e f u s a l  of water and food. It w a s  a t  t he  peak 
of t hese  man i fe s t a t ions  of r a d i a t i o n  i l l n e s s  t h a t  w e  c a r r i e d  out  our  exper i -  
ments on t h e  s ta te  of t h e  aud i to ry  func t ion  of guinea p igs .  

Blood t e s t s  performed on t h e  tes t  animals 

A t  t h e  same t i m e  t he  fo l lowing  were 

The f u n c t i o n  of t h e  aud i to ry  organ was determined by t h e  method of t ak ing  
and record ing  t h e  b i o e l e c t r i c  p o t e n t i a l s  of t h e  i n n e r  ear a t  t h e  c i r c u l a r  win- 
dow of t h e  cochlea.  
t ak ing  t h e  b i o c u r r e n t s  w e r e  c a r r i e d  ou t  dur ing  u re than  na rcos i s .  

Surgery t o  approach t h e  cochlea and t h e  experiment f o r  

The a u d i t o r y  organ w a s  e x c i t e d  by means of a dynamic speaker  connected t o  
a n  audio  gene ra to r  and t o  t h e  operated e a r  by means of a t h i n  rubber  tube.  
Four tones  from 500 t o  800 Hz i n c l u s i v e  were f ed  a t  a loudness of 120 db. 
cond i t ions  of t h e  experiment were always t h e  same a s  confirmed by t h e  cons tan t  
background no i se  of t he  a m p l i f i e r  and of t h e  osc i l l og raph .  The cochlea biocur-  
r e n t s  a f t e r  a m p l i f i c a t i o n  were recorded on t h e  MPO-2 loop o s c i l l o g r a p h  and a l s o  
by photographing t h e  curves from t h e  screen  of t he  EO-7 cathode ray o s c i l l o s c o p e  
us ing  a camera w i t h  a s p e c i a l  f i l m  holder  and f luorographic  f i l m  of h igh  sens i -  
t i v i t y .  I n  a d d i t i o n  t o  t h i s ,  t h e  d e f l e c t i o n  of t h e  beam on t h e  sc reen  of t h e  
cathode r a y  w a s  computed, t he  l a t t e r  being graduated i n  m i l l i v o l t s .  La ter  t h e  
d a t a  ( i n  m i l l i v o l t s )  obtained from t h e  i n v e s t i g a t i o n  of i r r a d i a t e d  animals  were 
compared w i t h  d a t a  obta ined  from i n t a c t  animals and were converted t o  d e c i b e l s  
by means of a special  t a b l e .  

/67 
The , 

While observing t h e  progress  of r a d i a t i o n  s i ckness  w e  were a b l e  t o  no te  
t h e  changes i n  t h e  a u r i c u l a r  r e f l e x  of guinea p igs  which were i r r a d i a t e d .  
i n g  t h e  f i r s t  per iod  of r a d i a t i o n  s ickness  t h e  a u r i c u l a r  r e f l e x , a s  w e l l  a s  
o t h e r  r e f l e x e s ,  w a s  depressed;  however animals were encountered wi th  i n s u f f i -  
c i e n t l y  ampl i f i ed  r e a c t i o n .  During t h e  second l a t e n t  per iod of i l l n e s s  t h e  re- 
f l e x  f o r c e  became normal and the  animals r eac t ed  w e l l  t o  a c o u s t i c  s t i m u l a t i o n .  

Dur- 
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Subsequently,  w i th  t h e  development of r a d i a t i o n  s ickness ,  t h e r e  w a s  a gradual  
decrease  i n  t h e  a u r i c u l a r  r e f l e x ,  but  i n  ou r  experiments t h e  r e f l e x  remained 
d i s c e r n i b l e  dur ing  t h e  e n t i r e  t h i r d  per iod.  From t h e s e  coarse  obse rva t ions  w e  

n e s s  developed but  hear ing  d i d  not d i sappear  completely.  
I could judge t h a t  t h e  a c u i t y  of hear ing  i n  animals gradual ly  dropped as t h e  s i ck -  

Frequency, Hz (cps)  

Value of b iocu r ren t s ,  mu 
minimum 
maximum 

500 1000 2000 3000 4000 5000 6000 7000 8000 

1.65 2.45 2 .4  3.5 2 .8  1.65 2.45 1.4 1.05 
8.75 15.5 12.2 12.2 9.45 7.0 5.25 4.2 2.45 

I 1 1 I I I I 1 I 

4000 

Using a s p e c i a l  t a b l e  t o  convert  t hese  d a t a  i n t o  d e c i b e l s  w e  o b t a i n  t h e  
v a l u e s  f o r  t h e  l o s s  i n  hear ing  i n  d e c i b e l s  (Table 4 ) .  

5000 6000 I 7 0 0 0  8000 

TABLE 4 .  LOSS .OF HEARING I N  IRRADIATED GUINEA PIGS 

Loss of hear ing ,  dB. 
mimimum 
maximum 

Frequency, Hz (cps)  I 500 I 1000 I 2000 1 3000 

5.0 2 .0  3.0 2 . 0  
25.0 24 .0  19.5 19.5 

Frequency, Hz (cps)  

Hearing l o s s ,  dB. 

500 1000 2000 3000 4000 5000 6000 7000 8000 

9.0 9 . 1  8 .8  7 .9  8.7 7.2 8.0 4 .2  3.9 

3.0 1 3.5 1 3.5 1 2.0 1 2.5 
22.0 20.0 18.0 12.5 9.2 

From t h e  above d a t a  w e  can determine t h e  average hear ing  loss  of guinea 
p i g s  d u r i n g  r a d i a t i o n  s i ckness  (Table 5 ) .  - 168  

TABLE 5 .  HEARING LOSS I N  GUINEA PIGS DURIXG THE TIME OF RADIATION SICKNESS 

One may t h i n k  t h a t  t h i s  hear ing  loss i s  produced by the  d i s r u p t i o n  of c i r -  
c u l a t i o n  d u r i n g  t h e  peak of t h e  r a d i a t i o n  s i ckness ,  inc luding  t h e  c i r c u l a t i o n  of 
t h e  i n n e r  ear, which produces c e r t a i n  d i s r u p t i o n s  i n  t h e  phys ica l ,  chemical and 
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. 
I 

e l e c t r o b i o l o g i c a l  displacements .  This  i n  t u r n  a f f e c t s  t h e  f u n c t i o n a l  s t a t e  of 
t he  pe r iphe ra l  r ecep to r  of t he  aud i to ry  ana lyzer .  

Conc 1 Us i ons 

1. Data on t h e  i n v e s t i g a t i o n  of hear ing  obtained by t h e  method of t ak ing  
and record ing  cochlea b iocur ren t s  by va r ious  i n v e s t i g a t o r s  a r e  i d e n t i c a l .  
Therefore ,  we can speak of t he  hear ing  norm f o r  t h i s  type  of animals.  

2.  A dose of 350 & dur ing  t h e  genera l  i r r a d i a t i o n  of guinea p igs  produces 
a c u t e  r a d i a t i o n  s i ckness  of average degree and produces 50 percent  m o r t a l i t y .  

3. During the  peak of r a d i a t i o n  s ickness  i n  guinea p igs  t h e r e  i s  a . d e -  
c rease  i n  hear ing  which i s  confirmed by t h e  decrease i n  the  a u r i c u l a r  r e f l e x  
and i n  the  magnitude of t h e  cochlea b i o e l e c t r i c  response.  

% 

4 .  The decrease  i n  hear ing  has  been recorded a t  a l l  f requencies  from 500 
t o  8000 Hz i n  t h e  range from 3.9 t o  9 .1  dB. 
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